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1 Introduction 

Long before the startup of RHIC, jet physics was widely 
expected to play an important role in the study of QCD 
matter at collider energies. It is nevertheless surprising 
just how crucial a role that has turned out to be. Strong 
modification of jet fragmentation in high energy nuclear 
collisions is now well-established. The magnitude of the 
effects and the statistical abundance of jet-related ob- 
servables at RHIC have allowed characterization of this 
modification in significant detail, indicating that it arises 
mainly from interactions of high energy partons with the 
medium prior to hadronization. Perturbative QCD cal- 
culations incorporating partonic energy loss via medium- 
induced gluon radiation ("jet quenching") are able to re- 
produce the broad features of the measurements, under 
the condition that the early hot phase of the collision fire- 
ball has gluon density ^30-50 times that of cold nuclear 
matter. The jet quenching phenomena taken together with 
other measurements at RHIC, in particular evidence for 
early equilibration and near-ideal hydrodynamic flow, sug- 
gest that dense, locally equilibrated matter dominated by 
partonic degrees of freedom is created in high energy nu- 
clear collisions 

These conclusions are at present somewhat qualitative, 
however. Important aspects of partonic energy loss theory 
are as yet untested. In particular, the induced radiation 
and its interaction with the medium have not been clearly 
identified, and the expected variation of energy loss with 
partonic species (gluon, light quark, heavy quark) is only 
beginning to be explored. Significant medium-induced ef- 
fects in the "intermediate pt" regime at RHIC (pt~ 2 — 5 
GeV/c) have not yet been fully understood, though they 
appear to arise from the interaction between hard and soft 
processes and provide a new window into mechanisms that 
could drive the system to equilibrium. 

This conference is therefore timely. The qualitative dis- 
covery period for jet physics in nuclear collisions at RHIC 

* Summary talk on jet physics, Hard Probes 2004, Ericeira, 
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is perhaps winding down and the most significant progress 
may now come from quantitative comparison of measure- 
ment and theory. I will summarize some of the main exper- 
imental results to date, highlighting recent developments 
presented at this conference, and briefly look ahead to the 
RHIC II and LHC eras. The field of partonic interactions 
in matter is large and growing and there are important 
areas I will not cover, for instance forward physics which 
is discussed in 0. 



2 Hadron Suppression and Partonic Energy 
Loss 

The inclusive pr spectrum in a high energy hadronic col- 
lision is dominated by hadrons carrying a large fraction 
of the energy of their parent partons ((z) ~ 0.7 for the 
inclusive hadron spectrum compared to (z) ~ 0.3 for the 
highest energy hadron in a light quark jet, where z = 
Phadron/ Ej et ). Modification of the partonic spectrum due 
to energy loss in matter is therefore reflected directly in 
the suppression of inclusive hadron yields at highp-r. Strong 
medium-induced suppression (factor ~ 5) has been mea- 
sured in nuclear collisions at RHIC, providing the primary 
evidence for partonic energy loss [ 1I2I3I4| . In contrast, 
prompt photon production has been observed not to be 
suppressed in nuclear collisions 6 , consistent with the in- 
terpretation of high pt hadron suppression resulting from 
the interaction of colored partons in the medium. 

Figure ^ shows recent measurements of hadron sup- 
pression in nuclear collisions from PHENIX 7 . Raa(pt) 
is the ratio of the inclusive yield in nuclear collisions to 
the yield in p+p collisions, scaled by the number of bi- 
nary collisons (Nbin) to remove uninteresting geometric ef- 
fects. Raa(pt)—^ correpsonds to no nuclear modification. 
The well-known factor ~ 5 suppression of ir° now extends 
to pt=14 GeV/c, showing no significant p^-depdendence. 
New at this conference is Raa{pt) for V mesons, whose 
suppression is in quantitative agreement with that for 7r° . 
The r]/ir° yield ratio is independent of collision system 
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clusive yields, for central Au+Au relative to p + p collisions 
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\7\, consistent with hadron production being dominated 
by jet fragmentation in vacuum even for central Au+Au 
collisions. Figure |21 left panel, shows the equally well- 
known Raa(pt) for charged hadrons in central Au+Au 
collisions, whose suppression for px>5 GeV/c is in quan- 
titative agreement with that for ir°. The growth toward 
lower pt for charged hadron Raa {pt ) arises from different 
suppression for protons and pions in this region; more on 
this point below. 

The inclusive ir° spectrum in 200 GeV p+p collisions 
is well represented by NLO pQCD calculations incorpo- 
rating suitable fragmentation functions |5], meaning that 
the reference spectrum for the inclusive suppression mea- 
surements is well understood. Medium-induced radiative 
energy loss has been incorporated into factorized pQCD 
calculations in two approximations, multiple soft inter- 
actions (BDMPS) and few hard scatterings (GLV opac- 
ity expansion) , and the modification of the fragmentation 
function measured in DIS scattering off nuclei has been 
related to its modification in heavy ion collisions via a 
twist expansion (Wang and Wang) (for recent reviews see 
Pldllp . Within the BDMPS framework the medium is 
characterized by a transport coefficient q = (q T )/X, where 
(q T ) is the mean squared transverse momentum generated 
by interactions in the medium over mean free path A. q is 
related to the energy density via q = ce 3 / 4 , where c ~ 2 
for an ideal pion gas and weakly interacting quark-gluon 
plasma ^2] but takes values c ^ 10 — 20 from estimates 
based on hydrodynamics J3| • In the high energy limit for a 
static medium of spatial dimension L the average radiative 
energy loss is AE ~ a s qL 2 /2 ^2]> though this expression 
is only qualitative since finite kinematic limits and dy- 
namic expansion effects generate significant modifications 
to the radiated spectrum and reduce the L dependence 
to linear. However, the induced radiation spectrum for a 
dynamically expanding medium is the same as that for a 
static medium having q equal to the time-averaged q for 
the dynamic case|14|. 



With suitable choice of model parameters, the multi- 
ple soft scattering and opacity expansion approximations 
generate similar effects for energy loss and jet broadening 
|14j . and calculations applying either approach are suc- 
cessful in describing the inclusive hadron suppression and 
its systematic dependence on centrality and collision en- 
ergy [T^llPo] , Figure [3 right panel, shows Raa{Pt) cal- 
culated in the BDMPS framework compared to the data 
in the left panel ^21- F° r Pt> ~ 5 GeV/c the level of 
suppression is described equally well by all choices q>5 
GeV 2 /fm, due to the complete dissipation of the energy 
of hard-scattered partons in the core of the fireball for 
large q \T^. In this and similar calculations the observed 
hadron population at high px is biased towards fragments 
of partons scattered near the surface of the fireball and 
directed outward, thereby suffering relatively little energy 
loss (see also fT7IIglT5| '). 

Inclusive hadron production is therefore subject not 
only to fragmentation bias (prefering quark to gluon jets) 
but also to geometric bias towards peripheral production 
and small energy loss. Its information content is conse- 
quently limited: for a core that is sufficiently opaque, mea- 
surement of the leading hadron suppression has little sen- 
sitivity to just how opaque it is ^S] and study of par- 
tonic interactions with the medium must rely on addi- 
tional measurements, in particular correlations. 

Figures ^ and ID show that Raa{pt) at high pt is 
largely independent if px . While several pQCD-based cal- 
culations incorporating radiative energy loss are able to 
reproduce the pr-independence of the suppression, they 
ascribe it variously [21] to the interplay between quench- 
ing, shadowing, and Cronin enhancement |22| , absorption 
of thermal gluons at moderate px |23| , the dominance of 
geometry due to strong absorption pHllT^j , and the inter- 
play between energy loss and steepening of the partonic 
spectrum due to phase space limitations ^Hj- ^ is im- 
portant to disentangle these mechanisms, for instance to 
isolate the effects of stimulated emission and absorption 
which can drive parton thermalization |21| . Variation of 
y/s NN provides a potentially signficiant test of the models: 
lowering ^/s NN steepens the underlying partonic spectrum 
which is expected to generate stronger Cronin enhance- 
ment and stronger hadron suppression at fixed energy 
loss, while the initial gluon density of the medium may 
be lower, resulting in reduced energy loss. 

In 2004 RHIC carried out a two week run of Au+Au 
at -y/s NN =62.4 GeV, chosen to match the top ISR en- 
ergy where extensive p+p reference data are available. 
It turns out, unfortunately, that disagreement among the 
ISR datasets limits the systematic uncertainty of the p+p 
reference to about 30% ■24,25, ■ Nevertheless, strong sup- 
pression of 7T° and charged hadron inclusive yields is ob- 
served in 62 GeV Au+Au central collisions for px> ~ 5 
GeV/c, beyond the baryon enhancement region [2Hl231T7j . 
In particular, the binary scaled central to peripheral ra- 
tio Rcp(pt), which does not rely on the ISR reference, 
exhibits the same magnitude of suppression for 62 and 
200 GeV Au+Au collisions |25|. The measured high px 
suppression at 62 GeV broadly agrees with theoretical 
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Fig. 2. Left: Raa(pt) in central Au+Au collisions for charged hadrons |2()j . Right: the same data compared to a BDMPS-based 
calculation with varying transport coefficient q |13|. The pair of curves for each q indicates the theoretical uncertainty due to 
finite energy corrections ( "rw" refers to reweighting the gluon emission probability distribution so that the total radiated energy 
does not exceed the energy of the parent parton). 



predictions 19 , 24 , 27 28 29 , though the limited statisti- 
cal reach of the current 62 GeV dataset does not support 
more quantitative conclusions. The RHIC program will re- 
turn to 62 GeV Au+Au for a longer run and additionally 
will acquire its own high statistics p+p reference data at 
62 GeV. 

For SPS fixed target data at yet lower ^/s NN ~ 17 GeV, 
reconsideration of the available p+p reference data brings 
7T° suppression into agreement with partonic energy loss 
calculations incorporating Bjorken model estimates of the 
energy density [21] , though the statistics in the hard scat- 
tering region are quite limited. Overall, precision study 
of the ^/s NN dependence of inclusive hadron suppression 
remains open. 



3 Jet-like Correlations 

Hard partonic scattering generates pairs of recoiling jets 
which are to first order back-to-back in azimuth. While 
full jet reconstruction is challenging in high energy nuclear 
collisions due to the large combinatorial background, ad- 
ditional insight into partonic energy loss can be gained 
by studying jet-like correlations of high px pairs ("di- 
hadrons"). Figure 01 left panel, shows the dihadron dis- 
tribution in relative azimuthal angle (A<j)), with trigger 
p T *™9>4 GeV/c and associated hadron 2<p T <p T trig |50] . 
Dihadrons at small relative angle A<p ~ are drawn from 
the same jet cone. The geometric bias discussed above 
should also affect the dihadron trigger, and the approxi- 
mate similarity of the A<p ~ correlation seen for p+p, 
d+Au and central Au+Au collisions is consistent with 
negligible partonic energy loss and fragmentation in vac- 
uum in the latter case. 

Back-to-back dihadrons {A<f> ~ ir) are drawn from the 
mutually recoiling jet pair. The presence of back-to-back 



correlations in p+p and d+Au but their absence in cen- 
tral Au+Au collisions suggests strong suppression of the 
leading fragments of the recoiling jet, consistent with sig- 
nificant medium-induced partonic energy loss. The geo- 
metric bias of the trigger also plays an important role in 
this case: since the trigger is biased towards short path 
length in the medium, the recoil is biased towards large 
path length through the core of the fireball, thereby en- 
hancing the energy loss effects. 

The observed suppression of back-to-back dihadrons 
at high pr is sometimes mis-stated as the suppression of 
back-to-back jets. The recoil jet has not been suppressed, 
rather its fragmentation has apparently been softened. Its 
energy and momentum should be conserved and should 
reappear at lower px- This has been demonstrated qual- 
itatively in where the soft recoiling hadrons in cen- 
tral collisions are seen to be distributed somewhat more 
broadly in azimuth and softened in px relative to simi- 
lar distributions in p+p, with the azimuthal distribution 
consistent with no dynamical correlations beyond simple 
momentum conservation \.\2\ . There has recently been dis- 
cussion of additional structure in the recoil azimuthal dis- 
tribution at low pt which may be generated, for instance, 
by sonic shock waves resulting from deposition of the re- 
coiling jet energy in an ideal, low-viscosity fluid Such 
measurements require careful subtraction of background, 
however, and the significance of the features seen in the 
data is under discussion. 

Figure^ right panel, shows a similar high px dihadron 
analysis for non-central Au+Au collisions, with the trigger 
now constrained to lie within restricted azimuthal inter- 
vals centered on the reaction plane orientation or orthogo- 
nal to it [32] . The small angle A<f) ~ correlation is seen to 
be independent of the orientation of the trigger while the 
recoil A<f> ~ 7r correlation is sensitive to it, with stronger 
suppression out-of-plane. Again taking into account the 
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geometric trigger bias, an out-of-plane trigger corresponds 
to larger in-medium path length for the recoil than an in- 
plane trigger. This is the clearest indication to date of the 
in-medium path length dependence of hadron suppression. 
Though the systematic uncertainties in the figure arc large 
and strongly (anti-)correlated between the trigger selec- 
tions, this is nevertheless a promising observable for the 
high luminosity RHIC Run 4 analysis, where the study of 
higher px correlations with correspondingly smaller back- 
ground corrections may enable a detailed measurement of 
the path length dependence of the suppression. 

One of the striking observations at RHIC is the large 
medium- induced enhancement of the baryon/meson inclu- 
sive yield ratio in the intermediate px region ~ 2<px<5 
GeV/c 35,36 , which reverts at higher pr to the ratio 
observed for jet fragmentation in vacuum. Stated differ- 
ently, mesons at intermediate pt exhibit strong suppres- 
sion while baryons are much less suppressed, scaling roughly 
as the number of binary collisions. Measurements of sev- 
eral hadron species indicate that this is a meson/baryon 
distinction, not dependent upon particle mass |25U37| . Ad- 
ditionally, elliptic flow i>2 (the azimuthal modulation of the 
inclusive yield relative to the reaction plane) is seen to be 
large at intermediate pt in non-central collisions, appar- 
ently exceeding the initial spatial anisotropy |33], with t> 2 
for baryons larger than that for mesons |36|. The large 
i>2 values cannot be fully accounted for by so-called "non- 
flow" contributions (e.g. intra-jet correlations at high px) 
|34| . It is difficult to reconcile these observations with a 
scenario in which hadron production results dominantly 
from jet fragmentation and its modification due to par- 
tonic energy loss: stronger suppression of inclusive meson 
than baryon distributions would correspond to larger en- 
ergy loss in medium and therefore larger azimuthal mod- 
ulation t>2 for mesons, in contrast to the measurements. 

An alternative view of hadron production at interme- 
diate pt emerges from the observation that vi for var- 
ious meson and baryon species approximately follows a 
common distribution when rescaled as v-i jn vs px jn [31)1 
I25| . where n = 3 for baryons and n = 2 for mesons. 



Such scaling is expected from models in which hadroniza- 
tion occurs via coalescence or recombination of constituent 
quarks 38 39 : 40 , 4^ . The models consider recombination 
of dressed quarks from two origins: a collectively flowing 
thermal medium generating an exponential px distribu- 
tion, and fragmentation of hard scattered partons gener- 
ating a power law px distribution. Because baryons carry 
the momentum of three recombining quarks compared to 
two for mesons, generically in these models the thermal 
component is dominant to higher hadronic px for baryons 
than mesons. The enhancement at intermediate px of the 
baryon/meson inclusive yield ratio, the larger baryon t>2, 
and the constituent quark number scaling of vi emerge 
naturally from the recombination approach. 

Hadron production via quark coalescence from a ther- 
malized medium will generate different correlation struc- 
ture than production via parton fragmentation, and di- 
hadron correlation measurements therefore provide addi- 
tional tests of the recombination picture. The left panels 
of Fig.^lshow measurements by PHENIX of the correlated 
yield measured at small angular separation ( "near side" ) 
or back-to-back ("away side") relative to triggers iden- 
tified as pion or proton 021- Significant correlated yield 
is seen for both trigger classes, in particular on the near 
side where the correlation is stronger for Au+Au collisions 
than for the d+Au and p+p reference systems. The dashed 
line shows results of a calculation in which thermal recom- 
bination is responsible for all excess baryons, inadequate 
to account for the observed correlation strength. 

The right panels in Fig. 2] show similar measurements 
from STAR for identified A and K® triggers in the same 
kinematic window 43 ,44 , confirming the PHENIX ob- 
servation of similar associated yield for meson and baryon 
triggers. (The numerical differences in correlation strength 
between the measurements may be attributable to their 
different rj acceptances.) The trigger px interval in these 
measurements corresponds to intermediate px, where there 
is a marked difference in the suppression of meson and 
baryon inclusive yields in more central collisions. The near- 
side associated yield is therefore largely independent of 
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the degree of inclusive suppression, as would be expected 
if these hadrons are generated by jets fragmenting in vac- 
uum. It is apparent that hadron production at interme- 
diate pt is dominated neither by energy loss and frag- 
mentation of hard-scattered partons nor by recombination 
from an uncorrelated thermal source. Rather, it exhibits 
an interplay between parton fragmentation and hadroniza- 
tion from the bulk medium, with their relative contribu- 
tions varying as a function of pt |4()U45| . Dynamical effects 
may result for instance from the excitation of the thermal 
medium by the partonic energy loss ("wake-field" effect) 
|4fj| or the coupling of medium-induced gluon radiation to 
bulk longitudinal flow |47j . 

Figure shows new dihadron correlation data pre- 
sented by STAR at this conference The figure shows 
two dimensional (Ar) x Acf) correlation functions for high 
Pt charged dihadrons from p+p (upper) and central Au+Au 
(lower) collisions, corrected for finite r\ acceptance. (This 
is in contrast to Fig.0 where the reduced pair acceptance 
at large longitudinal separation Ar] has not been taken 
into account, with large Ar] pairs relatively suppressed as 
a result.) Both panels show a jet-like correlation at small 
angular separation (Ar) ~ 0, Acf> ~ 0) as well as correla- 
tions back-to-back in azimuth (Ac/) ~ it) but broad in Arj 
which are presumed to result from recoil jets and, in the 
nuclear case, from elliptic flow. The new aspect is the addi- 
tional correlation strength for central Au+Au but not p+p 
which is short range in azimuth (Ac/> ~ 0) but long range in 
pseudorapidity (Ar) ^ large), and which is stronger than 
the recoil correlation at Acj) ~ ir. Preliminary analysis 



suggests that this long-range component is effectively uni- 
form within the STAR acceptance |t?|<1 and is distinct 
from the jet-like peak, perhaps indicating an independent 
underlying mechanism. Near-side long-range correlations 
for soft hadrons with pr<2 GeV/c were first noted in |4*5j . 
The new analysis extends the observations to the region 
where parton fragmentation may play a signficant role. 
The width of the short range jet-like correlation is similar 
in central Au+Au and p+p collisions for px tri9 >Q GeV/c 
but exhibits medium- induced broadening a lower pT trig , 
while the correlated yield of the jet-like peak is indepen- 
dent of centrality consistent with Fig. EI 

The physics underlying these near-side effects is not 
yet clear. The long-range correlation may perhaps be due 
to the combined effect of the geometric trigger bias and 
strong transverse radial flow of the bulk 0^], or coupling 
of induced radiation to longitudinal flow 021- System- 
atic studies of the pr-dependence of the correlation will 
help resolve these issues. Evidence for coupling of induced 
radiation to bulk longitudinal flow would indicate non- 
negligible energy loss, calling into question the simple pic- 
ture of geometric (surface) bias of the leading particle trig- 
ger used to interpret other high pt data. 

4 The Future: RHIC II and the LHC 

The above results are mainly from the 2002 Au+Au run 
at RHIC, which delivered integrated luminosity of about 
250 /ib _1 . The much higher statistics 2004 dataset for 
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Au+Au at 200 GeV now being analysed has ~ 3.7 nb -1 , 
corresponding to about twice the RHIC design luminosity 
|5U] . Significant RHIC detector upgrades over the next five 
years are aimed at improved vertexing for charm measure- 
ments, better particle identification, and low-mass dilep- 
ton measurements |50| : and expanded forward coverage 
to address low x physics [5]. The five year run plan calls 
for collisions of lighter ions, extensive runs with lower en- 
ergy Au+Au, polarized p+p and d+Au, and another long 
200 GeV Au+Au run once major detector upgrades are in 
place. In the longer term, a significant accelerator upgrade 
based on electron cooling is planned (RHIC II) which will 
give annual integrated luminosity for 200 GeV Au+Au of 
~ 80 — 90 nb -1 . Additional upgrades to the existing large 
detectors and an entirely new detector are being consid- 
ered to exploit the increased luminosity |50| which will 
extend jet-related measurements to much higher pr, far 
into the perturbative regime. The broad scientific case for 
RHIC II is under discussion [ST], but for hard probes the 
increased capabilities will enable much more robust 7+jet 
measurements and detailed study of the charm and, in 
particular, beauty sectors. 

First p+p collisions at the LHC are currently expected 
in 2007, with first Pb+Pb collisons at 5.5 TeV in 2008. Jet 
rates at the LHC are large [22]. The nominal annual in- 
tegrated luminosity for 5.5 TeV Pb+Pb collisions is 0.5 
nb _1 , yielding ~ 1.4 x I0 6 jets with E T >150 GeV and 
~ 3.7 x I0 5 jets with £+>200 GeV within acceptance 
1 77 1 < 2.5 . The broad kinematic and statistical reach of jet 



production at the LHC enables study over a very broad 
range of fragmentation z of the softening and transverse 
heating of jets due to interactions in the medium |53II54| . 
Partonic energy loss is expected to vary at most logarith- 
mically with jet energy, and the wide range of jet Et will 
provide sufficient lever arm for a stringent test of energy 
loss theory. Nearly complete reconstruction of jets may be 
possible in LHC heavy ion collisions. Complete jet recon- 
struction would be free of the geometric and fragmenta- 
tion biases intrinsic to leading particle triggers and would 
be sensitive to the full ^-scaled jet cross section, giving 
access to the full spectrum of energy loss in the medium. 

While the identification of hard jets at RHIC II and the 
LHC will be straightforward, full jet reconstruction with 
good energy resolution must contend with the complexity 
of the underlying background in heavy ion collisions. The 
average high Et jet at the Tevatron has about 80% of its 
energy and multiplicity within a cone of radius R = 0.3 
[55]. while a Pb+Pb event with dN ch /dr) ~ 4000 at the 
LHC will deposit ^100 GeV of background energy in the 
same cone. Current studies indicate that R ~ 0.3 — 0.4 
gives optimal signal/background for jet reconstruction in 
central Pb+Pb collisions, with correspondingly limited en- 
ergy resolution [56) . There are large uncertainties in the 
modelling of fragmentation and background fluctuations 
used for these estimates, however, and the first LHC data 
will tell us much more about jet triggering and reconstruc- 
tion in nuclear collisions at 5.5 TeV. 

The 7+jet final state is expected to provide the most 
controlled measurement of jet quenching, since the pho- 
ton does not interact with the colored medium and its 
Pt balances that of the recoiling jet [57]. This channel is 
likewise free of the geometric bias of leading particle trig- 
gers. PHENIX has measured inclusive direct photons in 
the heavy ion environment at RHIC, helped by the hadron 
suppression which reduces background 6 58 . The 7+jet 
coincidence measurement is statistically more demanding, 
however, and a robust measurement extending well above 
p T ~f r~j 10 GeV/c will require the RHIC II luminosity up- 
grade |50j . The higher pt is important to provide dynamic 
range in fragmentation z and to reduce the fragmentation 
photon contribution [SSj. Hard cross sections at the LHC 
are substantially larger and statistically significant 7+jet 
measurements in Pb+Pb may extend to pt 1 ~ 40 GeV. 
Fragmentation photons are expected to dominate the cross 
section in this region, however, and their contribution will 
have to be disentangled jSH]. Z+jet provides a very clean 
but statistically more limited alternative |60| . 

A crucial test of the partonic energy loss picture is 
the variation of energy loss with parton species. Generi- 
cally, gluons should lose more energy than quarks due to 
their larger color charge. It has also been proposed that 
heavy quarks should experience smaller energy loss than 
light quarks due to the mass-dependent suppression of for- 
ward radiation ("dead cone effect" [CT], 62 63 64]). Isola- 
tion of specifically quark or gluon jet effects at RHIC has 
proven difficult thus far, but forward triggering at moder- 
ately high pt may provide a controlled bias towards gluon 
jets [£]. Measurements of heavy quark production at RHIC 
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are developing rapidly ;65 j . It was recently shown that the 
suppression of D and B mesons relative to light mesons is 
influenced not only by the mass-dependent dead cone ef- 
fect but also by color-charge dependence, especially at the 
LHC where gluon jets dominate light meson production 
|BS). Measurements of D and B production over a broad 
Pt range at RHIC and the LHC will map out these effects 
in detail. 



5 Summary 

Medium-induced modification of jet structure provides a 
powerful tool for the study of QCD matter created in high 
energy nuclear collisions. Jet modification effects at RHIC 
are large and statistically robust, enabling their detailed 
characterization. Perturbative calculations incorporating 
partonic energy loss via gluon bremsstrahlung agree well 
with the measurements, provided the medium has gluon 
density much greater than that of cold nuclear matter. 
The intermediate region ~ 2<pt<5 GeV/c exhibits an 
apparent interplay between fragmentation of hard partons 
and flow of the bulk medium that may provide a window 
to the partonic processes that drive the system to equi- 
librium. However, important aspects of energy loss theory 
have not yet been tested. Measurements in the near future 
at RHIC and the LHC will push the kinematic boundaries 
of jet studies significantly outward and provide strong con- 
straints on the physics underlying partonic energy loss. It 
remains to be seen whether the intermediate px region at 
the LHC will exhibit similar interplay as at RHIC between 
perturbative and non-perturbative processes, but it is rea- 
sonable to expect that this region will remain interesting 
even for fragments of the highest energy jets at RHIC II 
and the LHC. 
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